INTRODUCTION
============

Life expectancy has increased in Western countries. According to the last census of the IBGE (2011), the elderly population in Brazil is also increasing across the country. This aging population have produced a greater number of hospitalizations, particularly those related to the presence of cardiovascular disease (CVD) ^\[[@r01],[@r02]\]^. Atrial fibrillation in the Postoperative (POAF) of cardiac surgery is the most common arrhythmia ^\[[@r03]\]^, it is a supraventricular tachyarrhythmia characterized by uncoordinated atrial activation with consequent deterioration of atrial function ^\[[@r04]\]^. Its incidence is estimated at 20% to 40% and are believed to occur most frequently between the second and the fifth day after surgery ^\[[@r04]-[@r07]\]^. Physiopathologically, it involves multiple factors such as pre-existing heart degenerative changes, dispersion of atrial refractoriness, changes in the speed of atrial conduction and atrial transmembrane potential so as to prolong hypokalemia Phase 3 depolarization, increasing automative and decreasing the conduction speed, oxidative stress, inflammation, atrial fibrosis, excessive production of catecholamines, changes in autonomic tone and expression of connexins. These changes result in increased dispersion of atrial refractoriness as well as the formation of a pro-arrhythmic substrate ^\[[@r08]\]^.

The length of stay of patients who develop POAF increases, on average, two to four days compared to those who remained in sinus rhythm, and this disease is the leading cause of post-discharge cardiac ^\[[@r09]\]^ surgery hospital readmission. Cerebrovascular accident (CVA), acute renal failure (ARF), hypotension, acute pulmonary edema (APE), increased length of stay in the intensive care unit (ICU) and estimated \$ 10,000 in additional costs are directly associated with complications POAF ^\[[@r07],[@r10]\]^. Its occurrence is also associated with increased twice cardiovascular morbidity and mortality (4.7% versus 2.1% in the short term) ^\[[@r06]-[@r11]\]^.

The wide variation in the incidence of stroke and ARF in the postoperative period between studies, has a multifactorial profile including different diagnostic criteria, study design, inclusion and exclusion criteria, patient profiles and the centers involved in the sample making it difficult the comparison between studies.

The incidence of ARF in cardiac surgery ranges from 3.5 % to 31.0 % ^\[[@r12]-[@r14]\]^, and the need for dialysis was present in 0.3% to 15.0% of cases. The presence of acute renal failure in these patients increases the mortality rate of 0.4% to 4.4% to 1.3% to 22.3% and when there is need for dialysis such rates reach 25.0% at 88.9% ^\[[@r12]-[@r14]\]^, making it an independent risk factor for mortality. This study aims to assess the incidence of stroke and acute renal failure in patients with POAF of coronary artery bypass grafting.

METHODS
=======

Longitudinal cohort bidirectional study. The sample consisted of 3010 subjects greater than 18 years who underwent coronary artery bypass grafting at Hospital da Beneficência Portuguesa de São Paulo in June 2009 to July 2010 period. Inclusion criteria were patients aged ≥ 18 years who underwent coronary artery bypass grafting without other associated procedures. Exclusion criteria were: submission of the patient to any type of concomitant cardiac or non-cardiac surgery; patients with chronic atrial fibrillation and/or congenital cardiac surgery. From a total of 3010 patients, 382 patients were excluded: 60 (1.99%) patients with preoperative arrhythmia (chronic or paroxysmal atrial fibrillation, atrial flutter), and 322 (10.7%) patients because they had associated procedures to CABG ([Table 1](#t01){ref-type="table"}).

###### 

Descriptive values of demographic variables, procedure and preoperative risk factors, according to the AF group.

                                                      AF                                                                                
  ----------------------------- --------------------- ------------ ------------ ----------------------------------------------- ------- -----------------------------------------------
  Age                                                 61.2 9,3     66.8 8.9     \< 0.001[(1)](#tfn01t01){ref-type="table-fn"}           
  Male                                                1597         69.4%        239                                             73.3%   0.147[(3)](#tfn03t01){ref-type="table-fn"}
                                White                 1938         84.2%        283                                             86.8%    
  Race                          Black                 94           4.1%         13                                              4.0%    0.564[(3)](#tfn03t01){ref-type="table-fn"}
                                Brownish              242          10.5%        26                                              8.0%     
                                Asian                 28           1.2%         4                                               1.2%     
  BMI                                                 27.1 4.1     27.0 3.9     0.697[(1)](#tfn01t01){ref-type="table-fn"}              
                                Ex                    910          39.5%        135                                             41.4%    
  Smoke                         No                    1017         44.2%        155                                             47.6%   0.050[(2)](#tfn02t01){ref-type="table-fn"}
                                Yes                   375          16.3%        36                                              11.0%    
  CAD                                                 698          30.3%        97                                              29.8%   0.835[(2)](#tfn02t01){ref-type="table-fn"}
  DM                                                  853          37.1%        117                                             35.9%   0.683[(2)](#tfn02t01){ref-type="table-fn"}
  Dyslipidemia                                        1023         44.4%        143                                             43.9%   0.845[(2)](#tfn02t01){ref-type="table-fn"}
  ARF                                                 108          4.7%         29                                              8.9%    0.001[(2)](#tfn02t01){ref-type="table-fn"}
  SAH                                                 1898         82.5%        272                                             83.4%   0.661[(2)](#tfn02t01){ref-type="table-fn"}
  SAP                                                 132.8 20.1   134.9 21.0   0.105[(1)](#tfn01t01){ref-type="table-fn"}              
  DAP                                                 80.6 11.8    80.8 12.2    0.869[(1)](#tfn01t01){ref-type="table-fn"}              
  Previous stroke                                     120          5.2%         15                                              4.6%    0.640[(2)](#tfn02t01){ref-type="table-fn"}
  COPD                                                142          6.2%         36                                              11.0%   0.001[(2)](#tfn02t01){ref-type="table-fn"}
  Peripheral arterial failure                         97           4.2%         24                                              7.4%    0.011[(2)](#tfn02t01){ref-type="table-fn"}
  Cerebrovascular disease                             39           1.7%         7                                               2.2%    0.559[(3)](#tfn03t01){ref-type="table-fn"}
  Creatinine ≥2,2mg/dl                                48           2.1%         16                                              4.9%    0.002[(2)](#tfn02t01){ref-type="table-fn"}
  Creatinine Clearance \< 60                          995          43.6%        18                                              57.7%   \< 0.001[(2)](#tfn02t01){ref-type="table-fn"}
                                *diabetes mellitus*                                                                                      

descriptive level of probability of Student\'s t test.

descriptive level of probability of the chi-square test.

descriptive level of probability of the Fisher exact test. AF = atrial fibrilation; BMI = body mass index; CAD = coronary artery disease; DM = diabetes mellitus; ARF = acute renal failure; SAH =systemic arterial hypertension; c arterial pressure; DAP = diastolic arterial pressure; COPD = chronic obstructive pulmonary disease

ARF was defined as creatinine level at or above 2.2 mg/dl and the clearance creatinine lower than 60ml plasma/min/1,73m^2^.

For statistical analysis, we used the statistical package SPSS (Statistical Package for Social Sciences) for Windows, version 16.0, and R: A Language and Environment for Statistical Computing. All tests were performed with consideration of bilateral hypotheses, we assumed a significance level of α=5%. Initially we used descriptive statistics to assess the absolute and relative frequency, mean, standard deviation, median and interquartile range of the variables, with graphical presentation.

When checking the equality of proportions between groups on the variables studied, the chi-square test or Fisher\'s exact test were used, depending on the variable analyzed be qualitative or quantitative. Comparison between quantitative variables was performed using the Student t test or nonparametric Mann-Whitney test (when comparing two groups) or ANOVA or the nonparametric Kruskal-Wallis test (when comparing three or more groups) ^\[[@r15]\]^.

The project was submitted, reviewed and approved by the Research Ethics Committee of RBAPB, under protocol number 760-11 accepted on November 4, 2011. It was performed in accordance with the following national and international resolutions: ICH Harmonized Tripartite Guidelines for Good Clinical Practice - 1996; CNS196/96 Resolution, and the Declaration of Helsinki.

RESULTS
=======

Patients included in this study (2,628) were divided into two groups: group I, who had no POAF, with 2,302 (87.6%) patients, and group II, with 326 (12.4%) patients who developed POAF. After assessing the predictive factors, we compared their evolution. The mean age of patients was 61.9 +9.5 years. Eighteen hundred and thirty-six (69.9%) patients were male.

[Table 2](#t02){ref-type="table"} shows the descriptive values of variables: indication for surgery, and of intraoperative, according to the groups with and without POAF, the intraoperative variables and surgical indication. Among these, the indication for urgent/emergency surgery proved to be one predisposing factor to the onset of POAF, which was 2.4% in those who underwent urgent/emergency surgery (group I: 16 to 0.7%, group II: 8 to 2.4 %, *P*=0.006).

###### 

Descriptive values of variables: surgical indication and intraoperative, according to the groups with and without POAF.

                                         AF                                                                             
  ----------------------- -------------- ----------- ----------- ---------------------------------------------- ------- ----------------------------------------------
  Surgical indication     Elective       2286        99.3%       318                                            97.6%   0.006^[(3)](#tfn03t02){ref-type="table-fn"}^
                          Urg./Emerg.    16          0.7%        8                                              2.4%    
  Use of IAB                             5           0.2%        3                                              0.9%    0.066^[(3)](#tfn03t02){ref-type="table-fn"}^
  CPB                                    2000        86.9%       282                                            86.5%   0.850^[(2)](#tfn02t02){ref-type="table-fn"}^
  Clamping time                          43.6 19.5   45.5 19.1   0.075^[(4)](#tfn04t02){ref-type="table-fn"}^           
  Degree of Hypothermia   28             40          2.0%        4                                              1.4%    
                          31             672         33.6%       84                                             29.8%   0.501^[(2)](#tfn02t02){ref-type="table-fn"}^
                          34             640         32.0%       94                                             33.3%   
  Myocardial protection   Normothermia   648         32.4%       100                                            35.5%   
                          Clamping       12          0.6%        3                                              1.1%    0.418^[(3)](#tfn03t02){ref-type="table-fn"}^
                          Cardioplegia   1988        99.4%       279                                            98.9%   

descriptive level of probability of Student\'s t test

descriptive level of probability of the chi-square test

descriptive level of probability of the Fisher exact test

descriptive probability level of non-parametric Mann - Whitney test

IAB - Intra-aortic balloon ; CPB - Cardiopulmonary bypass

We found that the occurrence of cases with postoperative blood transfusion, stroke and ARF, rehospitalization at 30 days and at 1 year and death was significantly higher in patients with AF ([Tables 3](#t03){ref-type="table"} and [4](#t04){ref-type="table"}). In the group that evolved without the presence of AF the incidence of stroke and postoperative ARF was 1.1% and 2.4%, respectively, while this number was 4% and 12% in group II (with POAF) with *P*\<0.001.

###### 

Incidence values of Stroke and ARF in the postoperative period.

                         AF                       
  ---------------------- ---- ------ ---- ------- -------------------------------------------------
  Postoperative stroke   26   1.1%   13   4.0%    \< 0.001^([1](#tfn01t03){ref-type="table-fn"})^
  Postoperative ARF      56   2.4%   39   12.0%   \< 0.001^([2](#tfn02t03){ref-type="table-fn"})^

descriptive level of probability of the Fisher exact test

descriptive level of probability of the chi-square test

###### 

Descriptive values for the postoperative period variables.

                                          AF                                                                                
  --------------------------------------- ----------- ----------- ------------------------------------------------- ------- -------------------------------------------------
  Readmission within 30 days              168         7.6%        34                                                12.8%   0.004^([3](#tfn03t04){ref-type="table-fn"})^
  Rehospitalization at 1 year             417         18.7%       73                                                25.9%   0.004^([3](#tfn03t04){ref-type="table-fn"})^
  Length of postoperative hospital stay   8.1 11.5    16.4 26.1   \< 0.001^([1](#tfn01t04){ref-type="table-fn"})^           
  Total length of hospital stay           10.6 12.2   19.3 26.5   \< 0.001^([1](#tfn01t04){ref-type="table-fn"})^           
  Death up to 1 year                      109         4.7%        57                                                17.5%   \< 0.001^([3](#tfn03t04){ref-type="table-fn"})^

descriptive level of probability of the non-parametric Mann-Whitney test

2\. descriptive level of probability of the Fisher exact test

descriptive level of probability of the chi-square test

DISCUSSION
==========

When we assessed the period in which the highest incidence of AF occurs, we found an average of 2.6 days with a median on day 2, which is in agreement with the literature ^\[[@r04]-[@r07]\]^. As described by Leitch et al. ^\[[@r03]\]^, it was proved that age was a predisposing factor to a higher incidence of AF, with a *P* \< 0.001. It was also proven its inference as a predisposing factor to increased incidence of POAF, and the average age in this group was six years older, showing a univariate assessment as an isolated predisposing factor to increased incidence of POAF. While in group I the mean age of patients was around 61 years old, in group II such average was around 67 years old.

Age is a risk factor widely cited and discussed in the literature ^\[[@r03],[@r16],[@r17]\]^, probably due to the higher content of collagen fibrillation in elderly patients and degeneration of the conduction system.

Relevant statistic data observed in this study was the appearance of almost double the cases of POAF in patients with CRF (4.7% versus 8.9%) and creatinine ≥ 2.2 mg/dl (2.1% versus 4.9%), which indicates the close relationship of these as aggravating for the onset of POAF. The same proportion in those with chronic obstructive pulmonary disease (COPD) (6.2% versus 11%). Through study of preoperative prognostic factors we observed that age, male gender, COPD, congestive heart failure (CHF ) and creatinine ≥ 2.2 mg/dl are risk factors for the occurrence of AF.

We found a significant association between POAF and higher incidence of stroke and postoperative ARF. Creswell et al. ^\[[@r11]\]^ reported that patients developing postoperative atrial fibrillation had a 3.3% incidence of stroke, while those who did not develop the incidence was only 1.4% (*P*\<0.005). Our study revealed, in a statistically significant univariate analysis, a higher incidence in cases of patients who developed POAF (1.1% vs 4.0% group I group II, *P*\<0.001).

Another aspect worth noting is that the incidence of ARF that is also higher in the group with POAF: 12%, versus only 4% in group I, or that is, an incidence three times higher. A study assessing risk factors for the occurrence of stroke, transient ischemic attack and ARF in the postoperative period of CABG surgery found that atrial fibrillation and low cardiac output were significantly related to those complications ^\[[@r10],[@r11],[@r18],[@r19]\]^.

The presence of conditions that determine hypoperfusion and renal ischemia is directly related to the development of ARF and patients with reduced renal functional reserve, where there is a reduction in glomerular filtration rate without elevation of serum creatinine above normal values, and are more likely to develop AKI even with minor kidney injuries. Preoperative and intraoperative factors such as age, previous level of creatinine, diabetes mellitus, cardiac output, cardiopulmonary bypass time and the use of intra-aortic balloon influence the development of ARF ^\[[@r12]-[@r14],[@r16]\]^.

The development of postoperative complications such as infection, bleeding, and use of nephrotoxic substances can cause the level of severity of AKI is higher. The manipulation of the aorta appears to be an important causal factor for stroke after cardiac surgery, either secondary to large emboli as well as a result of microemboli (shower embolism). It is likely that a better preoperative study of the aorta and a careful handling may help reduce this incidence, and this includes: improved diagnosis and treatment of aortic disease with epiaortic ultrasound or transesophageal echocardiography, care in the preparation of the proximal coronary anastomoses without aortic unclamping (minimizing the aortic trauma), and the use of \"screens\" for protection during aortic manipulation.

Moreover, a better understanding is needed with regard to the relative contribution of the CPB circuit to embolic events, especially arterial line filter. On the other hand, cerebral hypoperfusion, both intraoperative and during the immediate postoperative period should be avoided, especially in patients with prior stroke or cerebrovascular disease ^\[[@r18],[@r20]\]^.

We observed that the occurrence of POAF is associated with a significantly increased length of hospital stay, according to the literature. The length of ICU stay was longer in the POAF group 16 days on average (*P*\<0.001 ), 8 days higher when comparing the patients in group I (twice as long), confirming its impact on morbidity and mortality ^\[[@r10],[@r11],[@r17],[@r18],[@r21]\]^.

In the present study, the hospital mortality of patients with POAF was higher than expected mortality rate for this type of elective surgery. The readmission rate within 30 days, and readmission within 1 year had a high incidence in patients with atrial fibrillation. This observational finding is consistent with other studies which have attributed to AF increased risk for patients in both short- and long-term ^\[[@r09],[@r11],[@r19],[@r21],[@r22]\]^.

CONCLUSION
==========

In this study there was a high incidence of stroke and acute renal failure in patients with POAF, with rates higher than those reported in the literature Once the groups are not fully comparable, a definitive conclusion would be observed after more detailed studies.

This study was carried out at Hospital Real e Benemérita Associação Portuguesa de Beneficência de São Paulo, São Paulo, SP, Brazil.
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